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PREFACE 
Former economic r e s e a r c h  a t  IIASA focused  on compara t ive  
s t u d i e s  of  s t r u c t u r a l  changes  i n  developed c o u n t r i e s .  The i n -  
t e n s i t y  of  t h e s e  changes  h a s  s e r i o u s ,  and sometimes s e v e r e  
s o c i a l  i m p l i c a t i o n s .  One a r e a  o f  c u r r e n t  concern  t h r o u g h o u t  
t h e  wor ld  i s  t h e  d i f f u s i o n  o f  new t e c h n o l o g i e s  w i t h  a  h i g h  po- 
t e n t i a l  i n  s u b s t i t u t i n g  l a b o r  i n  manufac tu r ing  and s e r v i c e s ,  a s  
w e l l  a s  d r a s t i c a l l y  changing t h e  e x i s t i n g  p a t t e r n s  of  i n t e r -  
n a t i o n a l  t r a d e .  
I n  t h e  p r o c e s s  of f o r m u l a t i n g  a n  agenda f o r  t h e  r e s e a r c h  
w i t h i n  t h e  Technology-Economy-Society (TES) Program, IIASA 
o r g a n i z e d  an  e x p e r t  mee t ing  on "Socio-Economic Impacts  of  New 
T e c h n o l o g i e s " ,  which was h e l d  i n  Warsaw, Poland,  from 18 t o  20  
November 1985. Twenty-six p a r t i c i p a n t s  from e l e v e n  c o u n t r i e s  
and f o u r  i n t e r n a t i o n a l  o r g a n i z a t i o n s  d i s c u s s e d  p o s s i b l e  IIASA 
r e s e a r c h  i n  t h i s  f i e l d  and came t o  an u n d e r s t a n d i n g  t h a t  IIASA 
can  and must c o n t r i b u t e  t o  t h e  development of a  c o n c e p t u a l  
framework f o r  a n a l y z i n g  and f o r e c a s t i n g  t h e  impact  o f  h i g h  t e c h -  
nology (e .g .  r o b o t i c s )  . 
P r o f .  Yoichi  Kaya, a n  o u t s t a n d i n g  s c h o l a r  from t h e  Depart-  
ment of E l e c t r i c a l  E n g i n e r i n g ,  Tokyo U n i v e r s i t y ,  and NMO Secre-  
t a r y  of t h e  J a p a n  Committee f o r  IIASA,has been h i g h l y  c o o p e r a t i v e  
i n  s t r u c t u r i n g  t h e  TES Program. H e  s t a y e d  w i t h  IIASA d u r i n g  
J u l y  t o  September 1985 t o  h e l p  u s  o r g a n i z e  t h e  agenda f o r  t h e  
Task Force  Meeting.  
T h i s  p a p e r ,  which was w r i t t e n  d u r i n g  h i s  s t a y  a t  IIASA 
and p r e s e n t e d  a t  t h e  Meet ing ,  s t i m u l a t e d  t h e  d i s c u s s i o n s  on t h e  
macroeconomic problems of  High Technology. W e  hope t h a t  it w i l l  
a l s o  s t i m u l a t e  IIASA s t a f f  and o t h e r  s c h o l a r s  i n  t h e i r  t h o u g t h s  
abou t  t h e  v e r y  complex problem of i n d u s t r i a l  p o l i c y  a t  a  t i m e  o f  
h i g h  t echno logy  d i f f u s i o n  on t h e  i n d u s t r i a l  s e c t o r .  
A n a t o l i  Smyshlyaev 
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1. RESEARCH ISSUES 
Needless t o  say technological progress has played a  key r o l e  
i n  the  advancement of modern society by supplying be t t e r ,  cheaper, 
of novel goods. Acceleration of advancement i s  however no other  
than a c c e l e r a t i o n  of  changes i n  t h e  s o c i e t y  s t r u c t u r e  which may 
g ive  r i s e  t o  s e r i o u s  f r i c t i o n s  among members c o n s t i t u t i n g  t h e  
society.  
I n t r o d u c t i o n  of m i c r o e l e c t r o n i c s  i n t o  watch i n d u s t r y  i s  a  
typical  example. Use of quartz  together with microel ec t ronics  i n  
watches d rama t i ca l  l  y  improved i t s  pe r formance /cos t  r a t i o ,  and 
even a  chi ld  can buy a  watch of high qua l i t y  a t  a  cheaper p r ice  
t h a n  a  smal l  do1 1 .  T h i s  change  i s  c e r t a i n l y  welcome by 
cus tomers ,  bu t  induced a  number of subsequent  changes i n  t h e  
watch-re1 a t ed  world. D r a s t i c  decl  i n e  of  p r i c e s  of  o r d i n a r y  
watches t r iggered an essen t ia l  change i n  the  image of watch which 
was i n  t h e  p a s t  one of p r ec ious  belongings ,  and gave a  s e r i o u s  
negative impact on these watch companies whose s a l e s  were mostly 
high pr ice  watches. 
Ano the r  i m p a c t  i s  on t h e  d i v i s i o n  o f  l a b o r  i n  wa tch  
i n d u s t r i e s .  Adop t ion  o f  e l e c t r o n i c s  i n  p l a c e  of  p r e c i s e  
mechanisms of watches inevi tably  dismissed the  workers engaged i n  
manufacturing these mechanisms or  t r ans fe r red  these  workers t o  
o t h e r  jobs main1 y  connected t o  e l e c t r o n i c s .  For i n s t a n c e ,  i n  a  
Japanese watch company which s ta r ted  production of quartz-based 
watches i n  1976, twenty workers who were engaged i n  handling of 
p r e c i s e  machine t oo l  s by t h a t  t ime  were t r a n s f e r r e d  t o  o t h e r  
works; 5 f o r  manufacturing of quartz, 6  f o r  assembling IC's and 
re1 a t ed  e lements ,  6  f o r  p roduc t ion  c o n t r o l ,  and 3 f o r  qua3 i t y  
control .  LNation i n s t i t u t e  of Employment and Vocational Research, 
Japan (1984) l  
Introduction of indust r ia l  robots i n t o  f ac to r i e s  i s  another 
example of how s t r o n g  impacts  t e chno log i e s  have on s o c i e t y .  
i n d u s t r i a l  r o b o t s  were in t roduced f i r s t  i n  t h e  e a r l y  '70s t o  
watch-making i n d u s t r y  a s  a  p a r t  of au tomat ion ,  and next  t o  
automobil e  industry.  [Yoshikawa e t . a l  . (1983 ) I  
I n t r o d u c t i o n  of  i n d u s t r i a l  r obo t s  i n t o  machine i n d u s t r i e s  
saves  3 abor f o r c e  f o r  welding,  manufactur ing,  and assembl i n g  
p a r t s  and thus improves labor productivity.  An extreme case i s  
t h e  unmanned f a c t o r y  fu l  l y  opera ted  by robo ts .  A we1 3-known 
example i s  t h e  f a c t o r y  b u i l t  by FANUC Company i n  Japan ,  which is  
a t  n i g h t  p e r f e c t l y  unmanned and producing r o b o t s  by r o b o t s .  
I n t r o d u c t i o n  o f  i n d u s t r i a l  r o b o t s  h a s  a p p a r e n t 1  y  t h e  same  
k i n d  o f  i m p a c t s  o n  s o c i e t y  a s  o t h e r  a u t o m a t i o n  d e v i c e s ,  and  t h e  
major  t a r g e t  o f  a u t o m a t i o n  h a s  a1 ways been improvement o f  l a b o r  
p r o d u c t i v i t y .  However, one  which i s  d i f f e r e n t  i n  c a s e  o f  r o b o t s  
i s  t h a t  t h e  speed o f  i t s  market  p e n e t r a t i o n  i s  d r a s t i c a l l y  f a s t .  
A c c o r d i n g  t o  t h e  r e p o r t  o f  J a p a n  i n d u s t r i a l  Robot  A s s o c i a t i o n  
( 1 9 8 4 ) ,  p r o d u c t i o n  o f  r o b o t s  i n  J a p a n  w a s  a1 m o s t  t r i p l e d  i n  
number and  d o u b l e d  i n  s a l e s  d u r i n g  t h e  p e r i o d  b e t w e e n  1 9 7 9  and  
1983. 
I n t r o d u c t i o n  o f  r o b o t s  may h a v e  c o n t r i b u t e d  much t o  t h e  
e c o n o m i c  g r o w t h  d u e  t o  t h e  i n c r e a s e  i n  p r o d u c t i v i t y ,  b u t  we 
s h o u l d  a l s o  t a k e  n o t i c e  t h a t  it may g i v e  r i s e  t o  a  s i g n i f i c a n t  
c h a n g e  i n  d o m e s t i c  a s  w e l l  a s  i n t e r n a t i o n a l  l a b o r  m a r k e t s .  
S u b s t i t u t i o n  o f  w o r k e r s  b y  r o b o t s ,  b y  d e f i n i t i o n  m e a n s  a  
r e d u c t i o n  o f  employment f o r  t h a t  work. Growth o f  t h e  economy due  
t o  t h e  i n c r e a s e  i n  p r o d u c t i v i t y  may c o m p e n s a t e  i t  t o  a  c e r t a i n  
d e g r e e  i n  t h e  long  run,  b u t  a t  I e a s t  I abor  t r a n s f e r  i s  unavoidable .  
The  i n t e r n a t i o n a l  m a r k e t  s i t u a t i o n  i s  m o r e  c o m p l  e x .  
I n t r o d u c t i o n  of  r o b o t s  i n t o  i n d u s t r i e s  of  advanced i n d u s t r i a l  i z e d  
c o u n t r i e s  may s t r e n g t h e n  t h e i r  c o m p e t i t i v e n e s s  i n  t h e  
i n t e r n a t i o n a l  m a r k e t  w h e r e  d e v e l o p i n g  c o u n t r i e s  h a v e  t h e  
compara t ive  advantage  due  t o  t h e i r  low l a b o r  c o s t s ,  and t h e n  t h e  
fo rmer  c o u n t r i e s  may come up a g a i n  even i n  t h e  market  where t h e y  
l o s t  t h e i r  s h a r e s  C H .  R a t t n e r  ( 1 9 8 3 ) l .  I n t r o d u c t i o n  o f  r o b o t s  
i n t o  i n d u s t r i e s  o f  d e v e l o p i n g  c o u n t r i e s ,  however,  may n o t  be a n  
a p p r o p r i a t e  counter -measure  t o  t h i s ,  because  
1)  l a b o r  c o s t  i n  t h e s e  c o u n t r i e s  i s  s o  c h e a p e r  t h a t  
i n t r o d u c t i o n  o f  r o b o t  i n  d e v e l o p i n g  c o u n t r i e s  i s  n o t  
economical l y  s o  a t t r a c t i v e ,  and 
2 )  r e d u c t i o n  i n  employment  e v e n  f o r  t h e  s h o r t - t e r m  w i l l  
g i v e  s e r i o u s  e f f e c t  o n  t h e  l a b o r  m a r k e t  o f  m a n u f a c t u r i n g  
i n d u s t r i e s ,  w h i c h  i s  r e 3  a t i v e l  y  smal  I and f r a g i l  e  i n  
d e v e l o p i n g  c o u n t r i e s  when compared  t o  t h e s e  o f  d e v e l o p e d  
c o u n t r i e s .  
I n  s u m ,  r a p i d  p e n e t r a t i o n  i n t o  t h e  m a r k e t  o f  new 
t e c h n o l o g i e s  w i l l  c e r t a i n l y  b r i n g  i n  b e n e f i t s  t o  c o n s u m e r s  o r  
m o r e  g e n e r a l l y  t o  t h e  e c o n o m y ,  b u t  a l m o s t  u n a v o i d a b l y  b e  
a c c o m p a n i e d  by f r i c t i o n s  i n  b o t h  d o m e s t i c  and  i n t e r n a t i o n a l  
markets .  For t h e s e  t e c h n o l o g i e s  t o  be r e a l l y  b e n e f i c i a l  t o  t h e  
s o c i e t y ,  such s t r a t e g i e s  a r e  t o  be implemented t h a t  reduce  
f r i c t i o n s  i n  t h e  marke t s  w i t h  a s  l i t t l e  d e c r e a s e  i n  p o s i t i v e  
impacts a s  possible .  
Taking i n t o  account t h a t  the i s sues  a r e  of i n t e rd i s c i p l i na r y  
(technology and economy) and in ternat ional  charac ter  and IIASA1s 
s a l e s  p o i n t  i s  e x a c t l y  on t h i s  p o i n t ,  we a r e  convinced t h a t  
IIASA i s  one of t h e  most a p p r o p r i a t e  i n s t i t u t i o n s  which can 
conduct a  study on t h e  issues.  
For t h e  £01 lowing  d i s c u s s i o n  t o  be r e a l  i s t i c  I e t  me t a k e  
indus t r i a l  robots  a s  t h e  t a r g e t  techno1 ogy and descr ibe  possibl e  
research items. 
1. I d en t i f i c a t i o n  of p en e t r a b i l i t y  of robots  i n t o  i ndus t r i e s  
The study begins wi th  i d e n t i f i c a t i o n  of the  present  s t a t e  of 
robot iza t ion  and p red ic t ion  of i t s  fu ture .  With these knowledge 
we a r e  a b l e  t o  e v a l u a t e  t h e  impact  s i z e  of r o b o t i z a t i o n  a s  a  
b a s i c  i n f o r m a t i o n  f o r  f o r m i n g  s t r a t e g i e s  f o r  p r o m o t i n g  
robot iza t ion .  
Ay re s  and Mil I e r s ( 1 9 8 3 )  e v a l u a t e d  t h e  p o t e n t i a l  o f  
r o b o t i z a t i o n  i n  U.S. manufactur ing  i n d u s t r i e s  from t h e  survey 
d a t a .  Th i s  i s  a  good s t a r t i n g  p o i n t ,  b u t  f rom a  s t r a t e g i c  view 
p o i n t  t h e  p o t e n t i a l  s h o u l d  b e  known a s  a  f u n c t i o n  o f  
implementation cos t s  o r  e f f o r t s .  I n  o ther  words what i s  required 
i s  t h e  knowledge about  how much r o b o t i z a t i o n  w i l l  be r e a l i z e d  
with how much and what kinds of e f fo r t s .  In  automobile assembly 
I ines ,  f o r  exampl e l  we1 ding processes a r e  rep1 acabl e  by pl ayback 
robots  but  on1 y  with s k i l  I ed workers who t r a i n  robots. I t  means 
t h a t  workers  a r e  r e p l a c a b l  e  b u t  on l y  t o  a  c e r t a i n  degree ,  and 
t h a t  f u r t h e r  r o b o t i z a t i o n  r e q u i r e s  i n t e r p r e t a t i o n  of  welding 
s k i l  I s i n  terms of mathematical language. 
The s t u d y  h e r e  r e q u i r e d  i s  t h e r e f o r e  t o  review e x i s t i n g  
manufactur ing  p r o c e s s e s  i n  an o r d e r l y  way and i d e n t i f y  t h e s e  
robot iza t ion  vs. e f f o r t s  curves, a1 though it is  not an easy t a sk .  
2 .  I d en t i f i c a t i o n  of impacts of robot iza t ion  
a .  Direct  impact on employment 
R o b o t i z a t i o n  s u b s t i t u t e s  r o b o t s  f o r  human l a b o r ,  and 
s e r i o u s n e s s  of t h e  i s s u e  depends on how much I abor  w i l l  be 
subs t i tu ted .  The degrees d i f f e r  from company t o  company, indus t ry  
t o  industry,  kind t o  kind i n  labor  force,  and country t o  country. 
These depend a l s o  on c o s t s  of  r o b o t s  and f u n c t i o n s  r o b o t s  can 
ful f i l  I ,  which wil I change rapid1 y  i n  time. The employment e f f e c t  
of robotizat ion i s  t o  be estimated, with the  above fac to rs  taken 
i n t o  account. 
b. Impact on the domestic economy 
The main purpose of robotizat ion i s  ce r t a in ly  t o  improve the  
p r o d u c t i v i t y  of  manufacturing p roces se s  and t h e  qua1 i t y  of 
products, which help increase competitiveness of produced goods 
i n  t h e  market and b r i n g  i n  ga ins  f o r  t h e  companies. From a  
broader  view p o i n t ,  t h e  i n c r e a s e  i n  p roces s  p r o d u c t i v i t y  may 
a c c e l e r a t e  growth of  t h e s e  i n d u s t r i e s  and then  c o n t r i b u t e  t o  
growth of t h e  na t i ona l  economy. The t o t a l  economic b e n e f i t s  of  
robot iza t ion can not be estimated without ident i fy ing d e t a i l s  of 
t h i s  impact chain quan t i t a t ive ly .  
c .  Total impact on employment 
The preceding discussion indicates  t h a t  robotizat ion gives 
r i s e  t o  reduction i n  employment i n  manufacturing processes, which 
wil I be a t  l e a s t  p a r t l y  covered by expansion of t h e  market i n  t h e  
long run. I t  i s  obvious t h a t  seriousness of the  employment impact 
wil I be g r e a t l y  eased by t h e  l a t t e r  compensatory e f f e c t s .  
Therefore we should es t imate  how much these e f f e c t s  w i l l  be, and 
i f  possible i n  what t ime span these wil I emerge. 
However, it should be noticed t h a t  the compensation i s  only 
t o  a  c e r t a i n  degree  even i f  it t a k e s  over  t h e  f i r s t  t ype  impact  
i n  number. The job pa t t e rn  i n  a  factory or  a  company wil I change 
and t r a n s f e r  of l a b o r  f o r c e  from t h e  jobs f o r  which robo t s  a r e  
introduced t o  those created by market expansion i s  unavoidable. 
F e a s i b i l i t y  of such l a b o r  t r a n s f e r  i s  a l s o  one of t h e  impor tan t  
research targets .  
d .  Impact on the in ternat ional  market 
Another type  of economic impact  of r o b o t i z a t i o n  i s  a s  
d e s c r i b e d  b e f o r e  t h e  i m p a c t  on t h e  i n t e r n a t i o n a l  marke t .  
Expans ion  of  e x p o r t s  o r  a t  l e a s t  r e d u c t i o n  o f  i m p o r t s  of  
manufacturing goods due t o  increase i n  t h e i r  competitiveness i n  
the  internat ional  market gives pos i t ive  impacts on the national 
economy, but i n  many cases with the s a c r i f i c e  of worsening t rade  
ba lance  of p a r t n e r  c o u n t r i e s .  I t  means t h a t  t h e  compet i t ion  i n  
t h e  i n t e r n a t i o n a l  market i s  l i k e l y  t o  be a  z e r o  s u m  o r  a1 most a  
zero sum game a t  l e a s t  i n  the  shor t  run. All developed countr ies  
a r e  certain1 y  members of the game, but  N I C S  (new1 y  indus t r i a l  ized 
c o u n t r i e s )  I b e  more s e n s i t i v e  t o  changes  i n  m a r k e t  
compe t i t i venes s  of member c o u n t r i e s ,  a s  s t r u c t u r e s  of t h e i r  
economies a r e  s t i l l  immature and f r a g i l e  when compared t o  t h o s e  
of  developed economies. 
T h e  s t u d y  t h e n  s h o u l d  f i r s t  o f  a 1 1  f o c u s  i t s e l f  o n  
i d e n t i f i c a t i o n  o f  s e n s i t i v e n e s s  of b o t h  developed and deve lop ing  
c o u n t r i e s ,  i f  p o s s i b l e  c o u n t r y  b y  c o u n t r y ,  t o  c h a n g e s  i n  
c o m p e t i t i v e n e s s  of member c o u n t r i e s  i n  t h e  i n t e r n a t i o n a l  market  
o f  m a n u f a c t u r e d  g o o d s .  The  s e n s i t i v e n e s s  a1 s o  d i f f e r  f r o m  
i n d u s t r y  t o  i n d u s t r y ,  d u e  t o  d i f f e r e n c e s  i n  s h a r e s  i n  t h e  
i n t e r n a t i o n a l  market .  
The second s t e p  o f  t h e  s t u d y  i s  t o  e v a l u a t e  i n d i r e c t  i m p a c t s  
o f  r o b o t i z a t i o n .  S i m i l a r  t o  t h e  i m p a c t s  on t h e  n a t i o n a l  economy 
improvement o f  t h e  q u a l i t y  t o  p r i c e  r a t i o  of  manufac tu r ing  goods 
by r o b o t i z a t i o n  w i l l  g i v e  r i s e  t o  i n c r e a s e  i n  t h e  t o t a l  demand i n  
t h e  i n t e r n a t i o n a l  market .  I n  o t h e r  words, t h e  c o m p e t i t i o n  i n  t h e  
i n t e r n a t i o n a l  market  can  be i n  t h e  long-run,  a  non-zero sum game 
i n  which r o b o t i z a t i o n  g i v e s  p o s s i b l e  i m p a c t s  on a l m o s t  a1 I m e m b e r  
c o u n t r i e s  o f  t h e  m a r k e t .  The  s t u d y  i n e v i t a b l y  w i l l  t o u c h  upon 
d e t a i l  s of t r a d e  s t r a t e g i e s  which wi l  I  be  d i s c u s s e d  l a t e r .  
3 .  I n v e s t i g a t i o n  o f  s t r a t e g i e s  
a .  Labor t r a n s f e r  s t r a t e g i e s  
B o t h  i n  d e v e l o p e d  c o u n t r i e s  i n t r o d u c i n g  r o b o t s  a n d  
d e v e l o p i n g  c o u n t r i e s  r e c e i v i n g  i n c r e a s i n g  p r e s s u r e s  o f  
r o b o t i z a t i o n  i n  t h e  i n t e r n a t i o n a l  markets ,  l a b o r  t r a n s f e r  w i l l  b e  
one o f  unavo idab le  consequences of  r o b o t i z a t i o n .  T r a n s f e r a b i l i t y  
o f  l a b o r  d e p e n d s  o n  k i n d s  o f  j o b s ,  a g e  s t r u c t u r e  and  e d u c a t i o n  
I e v e l s  of  l a b o r  f o r c e ,  m o b i l i t y  o f  p e o p l e  w i t h i n  t h e  coun t ry ,  and 
many o t h e r  f a c t o r s  s p e c i f i c  t o  t h a t  c o u n t r y .  The  c o s t  f o r  
t r a i n i n g  a n d  t r a i n i n g  f a c i l i t i e s  i s  a l s o  o n e  o f  m a j o r  f a c t o r s  
i n f l u e n c i n g  f e a s i b i l  i t y  o f  t h e  t r a n s f e r .  Time i s  a n o t h e r  f a c t o r  
t o  be t a k e n  i n t o  account ,  s i n c e  t h e  t o t a l  e f f e c t  o f  r o b o t i z a t i o n  
on employment w i l l  emerge a s  a  f u n c t i o n  of  t i m e  a s  s t a t e d  b e f o r e  
and t r a i n i n g  p e o p l e  i s  a  t i m e  consuming p r o c e s s .  
Company and government s t r a t e g i e s  f o r  l a b o r  t r a n s f e r  a r e  t o  
be i n v e s t i g a t e d  w i t h  s e r i o u s  c o n s i d e r a t i o n  o f  t h e  above f a c t o r s .  
b. S t r a t e g i e s  f o r  b e t t e r  i n t e r n a t i o n a l  d i v i s i o n  o f  l a b o r  
We know t h a t  i t  i s  e a s y  t o  p o i n t  o u t  w h e r e  i n  t h e  
i n t e r n a t i o n a l  m a r k e t  f r i c t i o n s  a r e ,  b u t  d i f f i c u l t  t o  p r o p o s e  
a p p r o p r i a t e  measures t o  e a s e  t h e s e  f r i c t i o n s .  I n  p r i n c i p l e ,  t h e r e  
a r e  t h r e e  t y p e s  o f  measures :  
1) To c o n t r o l  t r a d e  f l o w s  b y  g o v e r n m e n t a l  r e g u l a t i o n s  
( p r o t e c t i o n i s m /  s e l  £ - r e g u l a t i o n  t y p e  pol i c y )  
2 )  To f i n d  and f o l  l o w  op t imum p a t t e r n s  o f  d i v i s i o n  o f  
l a b o r  w i t h  c o n s i d e r a t i o n  o f  c h a n g i n g  c o m p e t i t i v e n e s s  o f  
c o u n t r i e s  i n  i n t e r n a t i o n a l  m a r k e t  o f  m a n u f a c t u r i n g  g o o d s  
( o p t i m i z a t i o n  t y p e  s t r a t e g y )  
3 )  To e l i m i n a t e  c a u s e s  d i s t u r b i n g  expans ion  o f  demands f o r  
new techno logy  o r i e n t e d  goods, and h e l p  deve lop  economies o f  
member c o u n t r i e s  i n  t h e  market . (expansion s t r a t e g y )  
The s t r a t e g y  1)    as been s e r i o u s l y  d i s c u s s e d  between Japan  
and  USA, b u t  n o n e t h e l e s s  i s  t h e  " l a s t "  b e s t  s t r a t e g y .  B o t h  
s t r a t e g i e s  2 )  a n d  3 )  may b e  w e l c o m e  b y  m o s t  c o u n t r i e s  
p a r t i c i p a t i n g  i n  t h e  t r a d e  game, b u t  t h e  b a s i c  problem is  t h a t  we 
d o  n o t  know y e t  e x a c t l y  what  t h e y  a r e .  I n  s t r a t e g y  2 ) ,  we shou ld  
e x p l o r e  t h e  m e t h o d o l o g y  w h i c h  c a n  p r o v i d e  op t imum p a t t e r n s  o f  
d i v i s i o n  o f  l a b o r ,  n o t  o n l y  f r o m  t h e  t h e o r e t i c a l  a n a l y s i s ,  b u t  
f r o m  c o n s i d e r a t i o n  o f  p r a c t i c a l i t y  o f  s u c h  d i v i s i o n  o f  l a b o r .  
( Inpu t -ou tpu t  model approach i s  one o f  means b u t  i t s  u s e f u l n e s s  
t o  t h i s  end i s  l i m i t e d . )  
S t r a t e g y  3 )  i s  i n  p r i n c i p l  e  t h e  f i r s t  b e s t  c h o i c e ,  b e c a u s e  
t h e  i d e a l  r e s u l t  w i l l  b e  t h a t  " e v e r y o n e  g a i n s " .  However,  t h e  
d i s t u r b i n g  f a c t o r s  a r e  main1 y  i n  d e v e l o p i n g  c o u n t r i e s  w h e r e  
d o m e s t i c  m a r k e t s  a r e  s t i l l  t o o  i m m a t u r e  t o  g e n e r o u s l y  a c c e p t  
cheaper  and b e t t e r  p r o d u c t s  from developed c o u n t r i e s  a s  f r u i t s  of  
r o b o t i z a t i o n  and t o  u s e  t h e n  a s  a  good i n c e n t i v e  f o r  t h e  m a r k e t  
e x p a n s i o n .  L a b o r  f o r c e  i s  r a t h e r  i n f l  e x i b l  e i n  d e v e l  o p i n g  
c o u n t r i e s  because  of  low e d u c a t i o n  l e v e l s  o f  workers .  S t r a t e g y  3 )  
i s  i n  t h i s  s e n s e  c l o s e l y  connected  t o  t h e  development  s t r a t e g y  o f  
t h e s e  c o u n t r i e s .  Required  on t h i s  p o i n t  a s  a  p a r t  o f  t h e  r e s e a r c h  
i s  t o  i n v e s t i g a t e  t h e s e  s t r a t e g i e s  i n  d e t a i l  and f i n d  o u t  t h o s e  
s t r a t e g i e s  o f  which expec ted  outcome w i l  I b e  maximized. 
The  a b o v e  i t e m s  a r e  c e r t a i n l y  n o t  r e s u l t s  o f  a  t h o r o u g h  
s u r v e y  o f  i s s u e s ,  b u t  may b e  a l r e a d y  t o o  much t o  b e  s t u d i e d  
w i t h i n  a p r o j e c t  IIASA c a n  c o n d u c t .  T h e r e  h a v e  b e e n  a  l o t  o f  
s t u d i e s i n t h e w o r l d  w h i c h c o v e r  s o m e p a r t s  o f t h e s e i t e m s ,  and  a  
su rvey  o f  such s t u d i e s  i s  t h e  f i r s t  b u t  i n d i s p e n s a b l  e s t e p  of  t h e  
r e s e a r c h .  
2. STRUCTURE O F  ECONOMIC IMPACTS O F  ROBOTIZATION - 
A PRELIMINARY REVIEW 
The socio-economic impac t  o f  r o b o t s  i s  c e r t a i n l y  n o t  a  new 
t o p i c .  LFor example, H.D.Haustein and ~ . ~ a i e r ( l 9 8 1 ) ,  ~ . ~ r i e d l i c h s  
a n d  A . S c h a f f ( 1 9 8 2  ) ,  O E C D  I C C P  ( 1 9 & 1 / 2 ) ,  H . R a t t n e r  ( 1 9 8 3  ) ,  
R.U.Ayres and  S.M.Mil1er  ( 1 9 8 3 ) ,  H . Inose  and J . P i e r r e  ( 1 9 8 4 ) ,  
R . I ~ . A y r e s ( 1 9 8 4 ) ,  and  J a p a n  ~ 1 ~ V ~ ( 1 9 8 4 ) 1 .  However,  m o s t  p a s t  
s t u d i e s  i n v e s t i g a t e d  t h e  i s s u e  o n l y  p a r t l y  o r  c o n c e p t u a l l y .  Three  
i n t e r e s t i n g  works among them a r e  by Ayres and Mil l e r ,  by OECD and 
by Japan NIEVR.  Ayres and M i l l e r  made a  d e t a i l e d  a n a l y s i s  on t h e  
p o t e n t i a l  of  r o b o t i z a t i o n  and i t s  impac t  on p r o d u c t i v i t y ,  which 
w i l  I  b e  a  good b a s i s  f o r  t h e  c o m i n g  IIASA s t u d y .  OECD r e p o r t s  
d e s c r i b e d  e m p l o y m e n t  e f f e c t  o f  r o b o t i z a t i o n  i n  OECD c o u n t r i e s .  
These two works however touched o n l y  l i t t l e  upon t h e  i m p a c t s  o f  
r o b o t i z a t i o n  on n a t i o n a l  and i n t e r n a t i o n a l  economy. Japan  N I E V R  
( N a t i o n a l  I n s t i t u t e  f o r  Employment and  V o c a t i o n a l  R e s e a r c h )  
r e p o r t  d e a l s  w i t h  t h e  i s s u e  i n  a  b r o a d e r  c o n t e x t  t h a n  the fo rmer  
t w o ,  a n d  i n v e s t i g a t e d  n o t  o n l y  o n  t h e  d i r e c t  i m p a c t  o f  
r o b o t i z a t i o n  on employment, b u t  a l s o  on t h e  compensatory i m p a c t  
th rough  t h e  causa l  c h a i n s  i n  t h e  n a t i o n a l  economy. I n  t h i s  s e n s e ,  
t h e  o b j e c t i v e  o f  N I E V R  s t u d y  i s  somewhat  c l o s e  t o  t h a t  o f  o u r  
s t u d y ,  b u t  i s  s t i l l  a t  t h e  p r e l i m i n a r y  s t a g e  s o  t h a t  it may be 
t o o  e a r l y  a t  t h i s  moment t o  i n v e s t i g a t e  on  t h e  d e t a i l s  o f  t h e  
s t u d y  o u t p u t s .  The purpose  of  t h i s  c h a p t e r  is, t a k i n g  r e s u l t s  of  
t h e  a b o v e  s t u d i e s  i n t o  a c c o u n t ,  t o  i l l u s t r a t e  t h e  s t r u c t u r e  o f  
economic i m p a c t s  o f  r o b o t i z a t i o n  and rev iew t h e  c h a r a c t e r i s t i c s  
of  what  should  be s t u d i e d  i n  t h e  coming IIASA s tudy.  
I m ~ a c t  s t r u c t u r e  and d a t a  a v a i l a b i l i t v  
Economic  i m p a c t s  o f  r o b o t i z a t i o n  c o n s t i t u t e  n o t  a  s i n g 1  e  
c h a i n  b u t  a  mutua l  l y  i n t e r a c t i v e  c o m p l e x  s y s t e m  a s  shown i n  
Fig .2 .1 .  The l e f t  h a l f  o f  t h e  f i g u r e  s h o w s  t h e  i m p a c t s  a t  t h e  
i n d u s t r y  l e v e l ,  w h i l e  t h e  r i g h t  ha1  f  s h o w s  how i m p a c t s  w i l  I 
p r o p a g a t e  th rough  t h e  n a t i o n a l  economy. The e l e m e n t  a t  t h e  bo t tom 
o f  t h e  f i g u r e  i s  t h e  i m p a c t  on  e x p o r t  w h i c h  i s  c o n n e c t e d  t o  t h e  
i n t e r n a t i o n a l  e c o n o m i c  s y s t e m .  A1 t h o u g h  t h e  d e t a i l s  a r e  n o t  
i l l u s t r a t e d  e x p l i c i t l y  i n  t h e  f i g u r e ,  we b e l i e v e  t h e  a n a l y s i s  on 
t h i s  p a r t  i s  a s  i m p o r t a n t  a s  t h o s e  on o t h e r  p a r t s  of  t h e  f i g u r e .  
The f i r s t  s t e p  o f  t h e  r e v i e w  i s  t o  s u r v e y  a v a i l a b i l i t y  o f  
d a t a  f o r  t h e  a n a l y s i s  o n  t h e  i m p a c t  s y s t e m  i n  Fig .2 .1 .  W e  know 
t h a t  a  l o t  o f  d a t a  a r e  a v a i l a b l e  o n  n a t i o n a l  and i n t e r n a t i o n a l  
e c o n o m i e s ,  and s o  t h e  k e y  p o i n t  i s  w h a t  t y p e s  o f  d a t a  a r e  
a v a i l a b l e  f o r  t h e  v a r i a b l e s  s h o w n  i n  t h e  l e f t  h a 1  f  o f  
F i g .  2.1,  i . e .  t h o s e  a t  t h e  i n d u s t r y  l e v e l .  
I n d u s t r i a l  r o b o t s  were  i n t r o d u c e d  on1 y  r e c e n t 1  y, name1 y, i n  
t h e  l a t t e r  ha1 f  o f  ' 7 0 s  and t h e  o n l y  i n  a  f e w  c o u n t r i e s  s u c h  a s  
USA, J a p a n ,  West  Germany, and  Sweden.  I t  ' m e a n s  t h a t  p o t e n t i a l  
a v a i l a b i l  i t y  o f  r o b o t  d a t a  from t h e  s t a t i s t i c s  i s  a t  maximum 8-10 
y e a r s  i n  a  few c o u n t r i e s .  I t r i e d  t o  su rvey  a v a i l a b i l i t y  o f  r o b o t  
s t a t i s t i c s ,  b u t  up t o  now I f o u n d  a  d e t a i l e d  s e c t o r a l  d a t a  o n l y  
F i  g . 2. 1 Economic I n p a c t  S t r u c t u r e  o f  I n d u s t r i a l  R o b o t s  
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from my coun t ry ,  Japan.  The o f f i c i a l  machine s t a t i s t i c s  p u b l i s h e d  
by M I T I  p r o v i d e s  d a t a  o n l y  o n  t o t a l  s a l  e s  and  n u m b e r s  o f  t h r e e  
t y p e s  o f  r o b o t s  p r o d u c e d  p e r  y e a r .  However ,  J a p a n  I n d u s t r i a l  
Robo t  A s s o c i a t i o n  (JIRA) pub1 i s h e d  a n o t h e r  s t a t i s t i c s  b a s e d  o n  
t h e i r  own s u r v e y .  The c o v e r a g e  o f  t h e  s u r v e y  i s  r a t h e r  h i g h ,  
a r o u n d  9 0 %  ( i n  t e r m s  o f  number o f  c o m p a n i e s  p r o d u c i n g  r o b o t s ) .  
The d a t a  a r e  compiled a s  a  t i m e  s e r i e s  of  s e c t o r s / k i n d s  of r o b o t s  
m a t r i c e s  b o t h  i n  number o f  p r o d u c t i o n  and i n  s a l e s .  Names o f  
s e c t o r s  and t y p e s  of r o b o t s  a r e  shown i n  Table  2 .1 .  According t o  
t h i s  scheme w e  have f o r  Japan t h e  most d e t a i l e d  d a t a  now a v a i l -  
a b l e  from t h e  s t a t i s t i c s  publ ished t o  d a t e .  One of t h e  u rgen t  
t a s k s  a t  t h e  p r e l i m i n a r y  s t a g e  of t h e  s tudy  i s  t o  i n v e s t i g a t e  
whether s i m i l a r  t y p e s  of d a t a  a r e  a v a i l a b l e  i n  o t h e r  c o u n t r i e s .  
Labor s u b s t i t u t a b i l i t y  
A s i m p l e  b u t  v e r y  i m p o r t a n t  f a c t o r  t o  be s t u d i e d  i s  t h e  
l a b o r  s u b s t i t u t a b i l i t y ,  i . e .  how many w o r k e r s  a r e  r e p l a c e d  by 
r o b o t s .  The t o t a l  p o t e n t i a l  was s t u d i e d  i n  d e t a i l  i n  t h e  c a s e  of  
t h e  U n i t e d  S t a t e s  by  A y r e s  and Mil I e r s ,  b u t  a n o t h e r  i m p o r t a n t  
f a c t o r  t o  be s t u d i e d  i s  t h e  average  number of  workers  r e p l a c e d  by 
a  r o b o t  ( o r  u n i t  p r o d u c t i o n  of  r o b o t s  i n  t e r m s  of money). 
T h e r e  a r e  a  few s u r v e y  f r o m  t h e  e n g i n e e r i n g  a n a l y s i s ,  and 
Tab1 e2.2 i s  a c c o r d i n g  t o  Lehmann. However,  t h e s e  numbers  may 
d i f f e r  from i n d u s t r y  t o  i n d u s t r y ,  f rom job t o  job, and i n  k ind  o f  
robo t s .  Also r o b o t i z a t i o n  may have e f f e c t s  on t h e  l a b o r  f o r c e  n o t  
d i r e c t l y  connected t o  t h e  jobs r e p l a c e d  by r o b o t s .  I n  t h i s  c a s e  a  
more  d e t a i l  s u r v e y  o n  r e a l  f a c t o r y  d a t a  i s  d e s i r a b l e .  I t  i s  
h o w e v e r  n o t  e a s y ' t o  d o  t h i s  k i n d  o f  t a s k ,  a s  it  r e q u i r e s  
c o l l a b o r a t i o n  of  many f a c t o r i e s  i n  d e t a i l s  of  l a b o r  ass ignment .  
An a1 t e r n a t i v e  t o  t h i s  i s  t o  e v a l u a t e  l a b o r  s u b s t i t u t a b i l i t y  
through t h e  economet r i c  a n a l y s i s  of  r e a l  c a p i t a l  and l a b o r  d a t a  
of  i n d u s t r i e s .  Japan N I E V R  s t u d y  h a s  done a work a l o n g  t h i s  l i n e ,  
i n  w h i c h  t h e y  e s t i m a t e d  l a b o r  i n p u t  f u n c t i o n s  by s e c t o r  and by 
c l a s s  o f  l a b o r .  The  l a b o r  f o r c e  o f  a  s e c t o r  i n  a  c e r t a i n  l a b o r  
c l a s s  is  expressed  a s  a  l o g l i n e a r  f u n c t i o n  of  o r d i n a r y  c a p i t a l  a s  
we1 I  a s  r o b o t s  b e i n g  used. However, i f  we u s e  t h i s  t y p e  of  l a b o r  
f u n c t i o n s ,  t h e  l a b o r  s u b s t i t u t i o n  r a t i o ,  i . e .  number o f  w o r k s  
r e p l a c e d  by a  r o b o t ,  Lr ,  v a r i e s  a1 most  i n v e r s e l y  p r o p o r t i o n a l l y  
w i t h  t h e  t o t a l  number o f  r o b o t s ,  R. A t  t h e  i n i t i a l  s t a g e  o f  
r o b o t i z a t i o n  R c h a n g e s  v e r y  r a p i d l y ,  a n d  s o  L r .  F r o m  a n  
e n g i n e e r i n g  view p o i n t ,  Lr may change b u t  w i t h i n  a  c e r t a i n  narrow 
range;  from Tab le  2.2 Lr may l i e  between 1 and 10. I n  t h i s  sense ,  
l 
- 
IJ I 0 * 
P U  
e5 
I. 
U  
P 
a 
- 
P m  l U  IJ
v 0 
0 P U  0 - *
1 
C a
h 0 
- U  -. 
m - .  IJ 
U  0 0 4 * a  
* I J o  U  c * 
!4 t 
a 
u n  m  IJ 
P 0 * A  
m  0 r *
P 
a U  
- u .  9 c . l  
m  U  0 
2 g; 
m  U  * 
>. 
U  
u n  
0 C I J  U U O  
a iE 
l I d  
0 
r u 
m  I 
: 3 
a 2 i 
U .  
0 u 
& 4 
C" 
L 
0 u
U  
YI 
0 
0 .   u
a Z U  
r a 
.4 - 0 
r )  0 0  
* o *  
U  on.  . 2 
N 0 
Table 2.2 Labor substitution factor of industrial robots. 
1 shift 2-3 shifts 
Industrial 
robots 
Component 
manipulators 
Too 1 
manipulators 
B= Battelle Frankfurt 
S =  Sociological Institute Goettingen 
Source: H.D. Haustein and H. Maier 
WP-81-152 WP. The Diffusion of Flexible Automation 
and Robots. 
N I E V R  approach may not be appropriate for  the  est imation of Lr. 
Another approach i s  the  use of CES production function with 
robo t s  and l a b o r  f o r c e  a s  s u b s t i t u t a b l e  v a r i a b l e s  w i th  each 
o t h e r .  I n  t h i s  fo rmu la t i on  Lr i s  p r o p o r t i o n a l  t o  t h e  r a t i o  of 
u n i t  robo t  c o s t  t o  wage and I e s t i m a t e d  Lr  wi th  p r e s e n t l y  
a v a i l  abl e  I abor d a t a  ( s e c t o r a l  bu t  aggregated f o r  each s e c t o r )  
and t h e  robo t  d a t a  a s  shown i n  Table 2.1,  t a k i n g  i n t o  account  
t h a t  robo t  c o s t  i nc ludes  not  only  t h e  p r i c e  of  a  robo t  bu t  many 
other  fac to rs  connected t o  i n s t a l l a t i o n  and operation of a  robot. 
According t o  the  est imation r e su l t s ,  Lr l i e s  i n  most indus t r i es  
between . 3  and 6, which shows a  good coincidence with Table 2.2. 
With t h i s  a s  a  b a s i s ,  I  b e l i e v e  t h a t  a c t u a l  va lues  o f  L r  may be 
e s t i m a t e d  by an e l a b o r a t e  a n a l y s i s  on t h e  robo t  and 1 abor d a t a .  
However, I s t r e s s  t h a t  a  survey of f a c t o r y  d a t a ,  even i f  t h e  
number of samples is  small,  i s  always useful for  re inforc ing the  
r e s u l t s  of s t a t i s t i c a l  estimation. 
Creation of service  employment 
Robotization wi l l  r e lease  workers engaged i n  manipulating 
machine tool s, we1 ders ,  and assembl ing el  ements, but instead give 
r i s e  t o  i n c r e a s e  i n  jobs connected t o  s o f t w a r e  p roduc t ion  and 
maintenance of robo t i zed  systems.  A survey on t h i s  a s p e c t  i s  
indispensabl e  fo r  eval uat ing the  to ta l  impact of robotizat ion on 
employment and planning labor t r ans f e r  s t r a t eg i e s .  
Imaact of robot iza t ion on outaut  a r i c e  
Introduction of robots i n t o  manufacturing indus t r i es  helps 
reduce un i t  cos t  of production, henceforth output p r ice ,  and then 
g i v e  r i s e  t o  i n c r e a s e  i n  demand b o t h  d o m e s t i c a l l y  and 
in ternat ional  I y. I t  a1 so  he1 ps improve qua1 i t y  of products, which 
contr ibutes t o  increase i n  demand. Furthermore, reduction in  un i t  
c o s t  of p roduc t ion  h e l p s  i n c r e a s e  t h e  c a p i t a l  inves tment ,  and 
expand the  demand for  capi ta l  goods. 
A 1  I t h e s e  I inkages  should be c a r e f u l l y  s t u d i e d  i n  t h e  
framework a s  shown i n  Fig.2.1. A p r e l i m i n a r y  a n a l y s i s  has  been 
conducted f o r  t h e  purpose of e v a l u a t i n g  t h e  o rde r  of impacts  
a long  t h e s e  f lows.  The f i r s t  i s  t o  e v a l u a t e  t h e  impact  of 
r o b o t i z a t i o n  on ou tpu t  p r i c e .  For t h i s  purpose,  impact  of 
improving l abo r  p r o d u c t i v i t y  on ou tpu t  p r i c e  i s  e s t i m a t e d  i n  
t he  £01 I owing way. 
1. The s i m p l e s t  and probably  t k e  most d i r e c t  express ion  of 
robot iza t ion i n  terms of economic var iables  may be improvement of 
l a b o r  p r o d u c t i v i t y ,  or  Y / L  w h e r e  Y i s  t h e  o u t p u t  a n d  L i s  t h e  
t o t a l  n u m b e r  of w o r k e r s .  T h e  p a s t  d a t a  s h o w s  l a b o r  c o s t / o u t p u t  
r a t i o ,  C 1 / Y ,  i s  a 1  m o s t  i n v e r s e l y  p r o p o r t i o n a l  t o  l a b o r  
p r o d u c t i v i t y .  ( S e e  F ig .2 .2 .  T h e  s i m i l a r  t r e n d s  a r e  s e e n  a 1  so i n  
many o t h e r  c o u n t r i e s )  
L e t  Cl / Y  = f  ( Y / L ,  p c )  ( 2 . 1 )  
where PC i s  t h e  consumer  p r i c e  i n d e x .  
2 .  Now t h e  o u t p u t  p r i c e  p  i s  assumed t o  fol 1  o w  e q u a t i o n  ( 2 . 2 )  
w h e r e  g  i s  a l i n e a r  f u n c t i o n ,  P m  i s  t h e  p r i c e  o f  m a t e r i a l  i n p u t  
a n d  C I  / Y  is t h e  I  a b o r  c o s t / o u t p u t  ra t io .  (By a s imp1 e a n a l y s i s  o n  
CES p r o d u c t i o n  f u n c t i o n  it is e a s i l y  s e e n  t h a t  p  i s  a f u n c t i o n  of 
c1 / Y ,  i f  t h e  t o t a l  n u m b e r  o f  r o b o t s  a r e  r e 1  a t i v e l  y  s m a l  I  when  
compared t o  t h e  t o t a l  number o f  w o r k e r s ) .  
3. I n  t h e  s t a t i s t i c a l  a n a l y s i s  on J a p a n e s e  d a t a  f o r  t h e  p e r i o d  o f  
1973-81, b o t h  e q u a t i o n s  (2.1) and (2.2) h a v e  h i g h  g o o d n e s s  o f  f i t  
i n  m o s t  i n d u s t r i a l  sec to r s .  T h e n  t h e  i m p a c t  o f  c h a n g e  i n  l a b o r  
p r o d u c t i v i t y  o n  t h e  o u t p u t  p r i c e  i s  c a l c u l a t e d  b y  t h e s e  t w o  
e q u a t i o n s .  The r e s u l t s  i n d i c a t e  t h a t  t h e  r e l a t i v e  s e n s i t i v i t y  o f  
o u t p u t  p r i c e  t o  l a b o r  p r o d u c t i v i t y  (i.e. d  l o g p / d  l og1  w h e r e  I  is  
Y / L )  l i e s  b e t w e e n  .4 a n d  1 .2  f o r  m o s t  i n d u s t r i a l  sectors .  I n  
o t h e r  w o r d s  t h e  i m p a c t  o f  r o b o t s  o n  o u t p u t  p r i c e  i s  r o u g h l y  t h e  
same s i z e  as t h e  i m p a c t  o n  l a b o r  p r o d u c t i v i t y .  
C o n n e c t i o n  t o  a n a t i o n a l  economy model 
T h e  s e c o n d  i m p o r t a n t  p a r t  of t h e  s y s t e m  i n  F i g .  2.1 i s  t h e  
r i g h t  h a l f  o f  t h e  f i g u r e  w h e r e  i m p a c t s  o f  l o w e r i n g  o u t p u t  p r i c e  
a n d  i m p r o v i n g  qua1 i t y  o f  p r o d u c t s  by  i n s t a l  1  i n g  r o b o t s  p r o p a g a t e  
w i t h i n  t h e  n a t i o n a l  e conomy .  E c o n o m e t r i c  m o d e l s  may be t h e  
a p p r o p r i a t e  t o o l  s f o r  t h e  e v a l u a t i o n  of t h e s e  i m p a c t  f l o w s .  W e  
h a v e  a few m o d e l s  d e v e l o p e d  f o r  t h e  a n a l y s i s  o f  J a p a n e s e  economy 
a t  h a n d ,  w h i c h  may be e x t e n s i v e l y  u s e d  f o r  t h e  a n a l y s i s .  T h i s  
p o s s i b i l  i t y  s h o u l d  be c a r e f u l l y  i n v e s t i g a t e d  i n  t h e  coming  s t u d y .  
A g a i n  a s i m p l e  a n a l y s i s  h a s  b e e n  made o n  t h e  s e c t o r a l  
d e m a n d s  o f  m a n u f a c t u r i n g  i n d u s t r i e s ,  t o  e v a l u a t e  t h e  o r d e r  o f  
i m p a c t s .  The demand f o r  e a c h  i n d u s t r y  i s  e x p r e s s e d  as  a f u n c t i o n  
o f  t h e  i n c o m e  I  e v e 1  a n d  t h e  p r i c e  o f  t h e  s e c t o r a l  o u t p u t  p r i c e .  
G o o d n e s s  o f  f i t  o f  t h e  d e m a n d  e q u a t i o n s  a r e  h i g h  i n  m o s t  
i n d u s t r i a l  sec to r s ,  a n d  t h e  e l a s t i c i t y  o f  s e c t o r a l  o u t p u t  w i t h  
r e g a r d  t o  o u t p u t  p r i c e  l i e s  b e t w e e n  .3 and .7 i n  m o s t  i n d u s t r y  i n  
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which  t h e  e l a s t i c i t y  i s  o n l y  a b o u t  .15. I t  i n d i c a t e s  t h a t  changes  
i n  o u t p u t  p r i c e s  o f  m a n u f a c t u r i n g  i n d u s t r i e s  due  t o  r o b o t i z a t i o n  
w i l  I  g i v e  r i s e  t o  a r e m a r k a b l e  c h a n g e  i n  t h e  g r o w t h  p a t t e r n  o f  
the n a t i o n a l  economy. 
I n t e r n a t i o n a l  i m p a c t s  
T h e  impact  o f  r o b o t i z a t i o n  o n  t h e  i n t e r n a t i o n a l  m a r k e t  
s i t u a t i o n  is o n e  o f  t h e  m a j o r  t a r g e t s  i n  t h e  coming  IIASA s t u d y ,  
as  t h e  i m p a c t  is c o n n e c t e d  m a i n l y  t o  t h e  i n t e r a c t i o n  o f  d e v e l o p e d  
c o u n t r i e s  and  NICS i n  the  trade marke t .  A mu1 t i - n a t i o n a l  economic  
model may a lso  be a u s e f u l  tool f o r  t h e  a n a l y s i s  on t h i s  a s p e c t ,  
and w e  f o r e s e e  w i t h  a h i g h  p r o b a b i l i t y  t o  h a v e  c o l l a b o r a t i o n  o f  
e x i s t i n g  i n t e r n a t i o n a l  m o d e l  s and model ers. 
However ,  w e  s h o u l d  a l s o  n o t i c e  t h a t  t h e  e s s e n c e  o f  r ea l  
f r i c t i o n s  c a n  n o t  be s e e n  o n l y  b y  a n  e c o n o m e t r i c  m o d e l .  To 
e v a l u a t e  e f f e c t i v e n e s s  o f  p o s s i b l e  s t r a t e g i e s  t o  m i n i m i z e  
f r i c t i o n s ,  w e  s h o u l d  i n v e s t i g a t e  o n  d e t a i l  s o f  t r a d e  a n d  I  abor  
m a r k e t  s i t u a t i o n s ,  t o g e t h e r  w i t h  t h e  a n a l  y s i s  v i a  e c o n o m e t r i c  
m o d e l  s. 
3. CONCLUDING REMARKS 
T h i s  p a p e r  a i m s  t o  p r e s e n t  i s s u e s  c o n n e c t e d  t o  e c o n o m i c  
i m p a c t s  o f  h i g h  t e c h n o l o g y ,  e s p e c i a l l y  robotics and t o  g i v e  some 
c o n c r e t e  i d e a s  a b o u t  e l e m e n t s  o f  t h e  i m p a c t  s y s t e m  t h r o u g h  a 
p r e l i m i n a r y  a n a l y s i s .  However, it i s  n o t  w h a t  I i n t e n d  t o  c o n f i n e  
t h e  d i s c u s s i o n  i n  t h e  m e e t i n g  o n l y  w i t h i n  t h e  f ramework  e n v i s a g e d  
i n  t h i s  p a p e r .  R a t h e r  I i n t e n d  t o  s t i m u l a t e  t h e  d i s c u s s i o n  i n  a 
b r o a d e r  c o n t e x t  by p r o v i d i n g  a m a t e r i a l  as i t s  s t a r t i n g  p o i n t .  
The  a u t h o r  e x p r e s s e s  h i s  d e e p  g r a t i t u d e  to  M r .  Y o s h i a k i  Kume 
o f  M i t s u b i s h i  R e s e a r c h  I n s t i t u t e  f o r  h e l p i n g  t h e  p r e l i m i n a r y  
a n a l y s i s ,  a n d  m e m b e r s  o f  t h e  I n d u s t r i a l  a n d  E c o n o m i c  Sub-  
c o m m i t t e e ,  J a p a n  C o m m i t t e e  f o r  IIASA for  t h e i r  u s e f u l  a d v i c e s .  
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